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Description 

[ACCESS METHOD AND ARCHITECTURE 
OF NON -VOLATILE RANDOM ACCESS 

MEMORY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91137817, filed on December 30, 
2002. 

Background of Invention 
[0002] Field of the Invention 

[0003] The present invention relates to an access method and ar- 
chitecture of a computer memory, and more particularly 
to a multi-access mechanism having a pragmatic bitto de- 
termine either a non-volatile random access memory 
(NVRAM) or a computer peripheral controller device is the 
controlled device. 

[0004] Description of the Related Art 

[0005] | n a use 0 f a Non-Volatile Random Access Memory 



(NVRAM), the NVRAM can be directly coupled to a host via 
a 3-wire or a 4-wiremechanism. The host is a device 
equipped with a central processing unit (CPU) level of pro- 
cessing unit. It has the ability of independently executing 
an application program. As shown in Fig. 1A, a NVRAM is 
coupled to the host via a 3-wire mechanism, wherein CS is 
a chip-select line, SK is a system-clock line, and DI/DO is 
a data-input/data-output line. As shown in Fig. IB, a 
4-wire mechanism is employed to connect the host and a 
NVRAM, wherein CS is a ship-select line, SK is a system- 
clock line, Dl is a data-input line, and DO is a data-output 
line. Apparently, the major difference between the 3-wire 
and the 4-wire mechanisms is that the data-input and 
data-output lines are integrated in a single line in the 
3-wiremechanism. Signals transmitted between the host 
and a NVRAM are depicted in Fig. 2. As shown in Fig. 2, 
data stored in the NVRAM are read to the host. During a 
period when CS is at a high potential level or logic 1 state, 
the NVRAM is selected and is enabled to respond to an in- 
struction issued by the host. The system clock synchro- 
nizes the instruction and data transmission. In Fig. 2, a 
"READ" command comprising Ai to AO is transmitted to 
the NVRAM at the third clock pulse via the data-input line. 



During the command transmission, the data-output line is 
in high-impedance mode (Hi-Z). After receiving the com- 
mand from the host, the NVRAM responds by sending a 
sequence of data (Dj ~ DO) via the data-output line. The 
NVRAM with the 3-wire or 4-wire mechanism has been 
widely used for years in the computer industry for its sim- 
ple instructions and easy implementation of hardware in- 
terface. 

[0006] Accordingly, in a NVRAM with a 3-wire or 4-wire mecha- 
nism, a host to a NVRAM is conventionally a one-to-one 
architecture such that the host can only select or enable 
one device, i.e., the NVARM. As the use of computers ex- 
pands, computers are built in more functions and higher 
capacities. The conventional one-to-one architecture is 
considered inefficient and wasteful in system resources of 
the computers. 

[0007] Therefore, there is a need to use a host to control not only 
a NVRAM but also some other peripheral devices, such as 
a RS-232 I/O controller or a micro-controller, so as to en- 
hance the processing capacity and the performance of the 

system. 
Summary of Invention 

[0008] The present invention is directed to an access method and 



architecture of a NVRAM and a plurality of controllers to 
allow the host to access a plurality of peripherals via a 
3-wire or 4-wire mechanism. 

[0009] The method comprises steps of first coupling a host with 
a NVRAM and at least one controller via a chip-select line, 
a system-clock line and a data transmission wiring. The 
access method includes steps of issuing instructions from 
the host to the NVRAM or the controller, which allows the 
host to access multiple peripherals without additional 
hardware resources. Moreover, the host and the peripher- 
als can simultaneously share the contents of the NVRAM 
according to the instructions issued by the host. 

[0010] jo achieve the aforementioned objects and other objects, 
the present invention provides an access method and ar- 
chitecture to couple the host, the NVRAM, and the con- 
troller via a 3-wire or 4-wiremechanism. To allow the host 
to access the NVRAM and the controller via a shared link, 
a pragmatic bit with setup information is introduced to be 
appended to the end of the instruction that is issued by 
the host to the NVRAM and the controller. Accordingly, 
the instruction is executed at the NVRAM or at the con- 
troller according to the pragmatic bit. 

[001 1] | n a preferred embodiment of the present invention, the 



signal transmission of the NVRAM responsive to the data 
transmission wiring and the system-clock line is disabled- 
when the pragmatic bit indicates that the instruction is for 
the controller. 

[0012] | n another preferred embodiment of the present inven- 
tion, when the pragmatic bit indicates that the instruction 
is for the NVRAM, the signal transmission of the NVRAM 
responsive to the data transmission wiring and the sys- 
tem-clock line is enabled, and is subsequently disabled at 
the end of the data transmission. 

[0013] jo sum UPj the present invention provides an access 
method and architecture of a NVRAM via a 3-wire or 
4-wire mechanism. The method uses a pragmatic bit ac- 
companied with the instruction to indicate the target of 
the instruction. The present invention allows the host to 
communicate with not only the NVRAM but also at least 
one controller without additional hardware. Therefore, the 
access method of the invention allows the host and the 
peripheralsto share the contents of the NVRAM according 
to the pragmatic bit, and further, the method is compati- 
ble with the conventional access methods. 

[0014] | t j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 



plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0015] The accompanying drawings are included to provide a 

further understanding of the embodiments of the inven- 
tion, and are incorporated in and constitute a part of this 
specification. The drawings illustrate embodiments of the 
invention and, together with the description, serve to ex- 
plain the principles of the invention. 

[0016] pig. 1A is a block diagram showing a conventional 3-wire 
mechanism for coupling a host and a NVRAM. 

[0017] pig. IB is a block diagram showing a conventional 4-wire 
mechanism for coupling a host and a NVRAM. 

[0018] Fig. 2 is a timing chart for signal transmitting between a 
host and a NVRAM. 

[0019] Fig. 3 is a block diagram showing a 4-wire mechanism 
with a single controller in accordance with one preferred 
embodiment of the present invention. 

[0020] Fig. 4 is a timing chart for signal in accordance with the 
preferred embodiment shown in Fig. 3. 

[0021] Fig. 5A is a timing chart for signal in accordance with one 
preferred embodiment with a pragmatic bit set to enable a 
controller. 



[0022] pig. 5B is a timing chart for signal in accordance with one 
preferred embodiment with a pragmatic bit set to enable a 
controller and a series of data following the pragmatic bit 
to setup the controller. 

[0023] pig. 6 is a block diagram showing a 4-wire mechanism for 
coupling the host, the controller, and the NVRAM in ac- 
cordance with one preferred embodiment of the invention. 

[0024] Fig. 7 A is a block diagram showing a 3-wire mechanism 
for coupling the host, the controller, and the NVRAM in 
accordance with one preferred embodiment of the inven- 
tion. 

[0025] Fig. 7B is a block diagram showing a 3-wire mechanism 
for coupling the host, the controller, and the NVRAM in 
accordance with one preferred embodimentwith use of 
AND gate. 

[0026] Fig. 8A is a block diagram showing a 4-wire mechanism in 
accordance with one preferred embodiment with a plural- 
ity of controllers. 

[0027] Fig. 8B is a block diagram similar to Fig. 8A, but with an 
additional wire connecting the CS from the host to the 
AND gate. 

[0028] Fig. 9A is a block diagram showing a 3-wire mechanism in 
accordance with one preferred embodiment with a plural- 



ity of controllers. 

[0029] pig. 9B is a block diagram similar to Fig. 9A, but with an 
additional wire connecting the host and the AND gate. 

[0030] pig. 10 is a flow chart depicting the method of multi-ac- 
cess NVRAM and controllers in accordance with the pre- 
ferred embodiment of the present invention. 
Detailed Description 

[0031] Fig. 3 depicts a preferred embodiment of an access 

method of a NVRAM with a 4-wire mechanism in accor- 
dance with the present invention. The architecture 300 of 
the NVRAM with 4-wire mechanism includes the host 302, 
the controller 306, and the NVRAM 304. The host 302 is 
coupled with the controller 306, and the controller 306 is 
in turn coupled with the NVRAM 304 via chip-select lines 
(CS and CS0), system-clock lines (SK), data-input lines 
(Dl), and data-output lines (DO). 

[0032] The method of controllingthe NVRAM is described in ac- 
cordance with preferred embodiments of the invention. 
Fig. 4 is a timing chart depicting the host 302 which ac- 
cesses the NVRAM 304 as shown in Fig. 3. The host 302 
enables the controller 306 via a first chip-select line (CS), 
and the controller 306 enables the NVRAM 304 via a sec- 
ond chip-select line (CS0). The host 302 issues a series of 



instructions (Ai~A0) starting from the third clock cycle on 
the system-clock line (SK). A pragmatic bit, such as a bi- 
nary bit, is preferably appended to the end of the instruc- 
tion issued by the host. When the pragmatic bit 400 that 
is appended to the last bit AO of the instruction is of low 
potential level, the controller 306 will ignore the instruc- 
tion, maintain a signal of a high potential level via the 
chip-select line CSO, and thus continue to enable the 
NVRAM 304. Then, the NVRAM 304 receives the instruc- 
tion and sends data according to the instruction via a 
data-output line (DO). In other words, when the pragmatic 
bit 400 indicates that the instruction is for the NVRAM 
304, the controller 306 will enable the NVRAMs (304s) re- 
sponse to signals transmitted through the data transmis- 
sion wiring (DI/DO) and the system-clock line (SK), and, 
upon the end of the data transmission, the controller 306 
will be turned off the response to the signals transmitted 
through the data transmission wiring (DI/DO) and the sys- 
tem-clock line (SK). 
[0033] pig. 5A is a signal timing chart showing the transmission 
of data from the controller 306 to the host 302. Referring 
to Fig. 3 and Fig. 5A, when a pragmatic bit 500 is of a 
high potential level of logic "1" and the received instruc- 



tion is for the controller 306 to transmit data, the con- 
troller 306 sends out the data via the data-output line 
(DO). Meanwhile, the controller 306 sets a low potential 
level on the chip-select line (CSO), thereby causing the 
NVRAM 304 to be disabled and fail to receive the instruc- 
tion. In other words, the controller 306 turns off the 
NVRAMs (304"s) response to the signals on the data 
transmission wiring (DI/DO) and the system-clock line 
(SK) when the pragmatic bit 500 indicates that the in- 
struction is for the controller 306. 

[0034] please refer to Fig. 5B in combination with Fig. 3. Fig. 5B 
is a signal timing chart showing signals when the host 
302 sets up the controller 306. The circuit layout is simi- 
lar to that shown in Fig. 5A. Nevertheless, as shown in Fig. 
5B, when a pragmatic bit 600 is of high potential level and 
the instruction received demands the controller 306 to in- 
put data, the controller 306 sends defined data (Dj~D0) 
via the data-input line (Dl) so that the controller 306 is 
able to perform according to the instruction. 

[0035] pig. 6 is a block diagram showing one preferred embodi- 
ment of the present invention. The 4-wire architecture 
310 is similar to that in Fig. 3. Nevertheless, in Fig. 6, an 
AND gate 318 is used to connect chip-select lines CS and 



CS1 to enable a NVRAM 314. 

[0036] pig. 7 A is a block diagram showing one preferred embodi- 
ment in accordance with the present invention. The circuit 
layout of the architecture 700 is similar to that shown in 
Fig. 3, but a 3-wire mechanism is employed and the data- 
input, data-output are sharing the same wirein Fig. 7A. 
Signal timing chart of NVRAM 704 are similar to that in 
Figs. 4, 5A and 5B. The host 702 controls the controller 
706 and the NVRAM 704, respectively, according to po- 
tential level of a pragmatic bit. 

[0037] pig. 7B is a block diagram showing one preferred embodi- 
ment in accordance with the invention. The 3-wire archi- 
tectures respectively shown in Fig. 7B and Fig. 7A are sim- 
ilar, but AND gate 718 is used to connect a chip-select 
lines CSand CS1 to enable theNVRAM 714in Fig. 7B. 

[0038] Fig. 8A is a block diagram showing one preferred embodi- 
ment in accordance with the invention. The 4-wire archi- 
tectures respectively shown in Fig. 8A and Fig. 3 are simi- 
lar, but the preferred embodiment of Fig 8A includes n 
sets of controllers (#1 ~ #n) and the AND gate 812in Fig. 
8A. The AND gate 812 is coupled with each controller via 
chip-select lines (CS1 ~ CSn), and the output terminal of 
the AND gate 812 is coupled with a NVRAM 804 via a 



chip-select line (CSO). 
[0039] The following is an illustration of an access method in ac- 
cordance with the preferred embodiment depicted in Fig. 
8A. The performance is similar to that depicted in Fig. 3, 
but single host 802 is able to instruct a plurality of con- 
trollers (#1 ~ #n) and the NVRAM 804in Fig. 8A. Referring 
to Fig. 8A in combination with Fig. 5A, when the prag- 
matic bit 500 is at a high potential level, these controllers, 
as shown in Fig 8A, will perform according to the instruc- 
tions received, send out a signal of low potential level to 
the input terminal of the AND gate 812, and consequently 
cause that the AND gate provides a low potential level 
through its output terminal. Since the chip-select line 
(CSO) is at a low potential level, the NVRAM 814 is dis- 
abled. Moreover, the controllers will send out data via the 
data-output line (DO) when the pragmatic bit 500 is at a 
high potential level and the instructions received demand 
the controllers to send out data. The access method of 
Fig. 8A can be further illustrated with a reference to Fig. 
5B. Please note that the controllers, as shown in Fig. 8A, 
send out data via the data-output line (DO) in according 
to the instructions issued by the host 802, and only one 
corresponding controller will respond to the instructions. 



[0040] on the other hand, referring to Fig. 8A in combination 
with Fig. 4, when the pragmatic bit is at a low potential 
level, the controllers shown in Fig. 8A will ignore the in- 
structions, maintain a signal of high potential level to the 
input terminal of the AND gate 812, and subsequently 
cause the AND gate 812 to output a high potential level. 
The NVRAM 814 is enabled and sends out data according 
to the instruction since the chip-select line carries a high 
potential level. 

[0041] The preferred embodiments of 4-wire architectures re- 
spectively shown in Fig. 8B and Fig. 8A are similar, but an 
additional wire isused to connect the chip-select line (CS) 
and chip-select lines (CS1 ~ CSn) for the host 812 to en- 
able the NVRAM 814in Fig. 8B. 

[0042] Fig. 9A illustrates one preferred embodiment in accor- 
dance with the invention. Fig. 9A is similar to Fig. 8A, but 
a 3-wire architecture, rather than a 4-wire coupling 
scheme, is employed shown in Fig. 9A. Detailed descrip- 
tion of the working principle of NVRAM 904 in Fig. 9A, 
which is similar to that in Fig. 8A, is omitted here for clar- 
ity and simplicity. 

[0043] pig. 9B depicts one preferred embodiment in accordance 
with the invention. The 3-wire architectures respectively 



shown in Fig. 9B and Fig. 9A are similar, but an additional 
wire is used to connect the chip-select line (CS) to the 
AND gate 918 for thehost 912 to enable theNVRAM 914in 
Fig. 9B. It should be noted that the pragmatic bit and the 
potential level have various modifications according to the 
varied embodiments in the present invention. 

[0044] pig. 10 depicts a method for multi-accessing a NVRAM, 
including the NVRAM, the host and at least one controller 
for the host. The method comprises first coupling the 
host with the NVRAM, and at least one controller (step 
1010). Then, a pragmatic bit is appended to each instruc- 
tion issued by the host to the NVRAM and the controller 
(step 1020). Based on the pragmatic bit, the NVRAM or the 
controller is turned on or off (step 1030). Therefore, the 
instruction can be executed at the NVRAM or at the con- 
troller to control simultaneously the NVRAM and the con- 
troller (step 1040). 

[0045] | n summary, the present invention provides an access 

method and architecture of NVRAM with a 3-wire/4-wire 
mechanism. According to the preferred embodiments of 
the invention, the utilization of the present invention for 
the design of multi-function chips of NVRAM can decrease 
the requisite number of pins of the chips. The method of 



the present invention is compatible with the conventional 
3-wire/4-wire NVRAM. Programs to drive the host need 
only minor amendment or partial addition for normal per- 
formance. 

[0046] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
or to the methods of the preferred embodiment of the 
present invention without departing from the scope or 
spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



